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(54) High density metal capacitor using via etch stopping layer as field dielectric in 
dual-damascence interconnect process 



(57) A metal-insulator-metal (MIM) capacitor is 
made according to a copper dual-damascene process. 
A first copper or copper alloy metal layer (402) is fomied 
on a substrate (102). A portion of the first metal layer is 
utilized as the lower plate of the MIM capacitor. An etch 
stop dielectric layer (602) is used during etching of sub- 



sequent layers. A portion of an etch stop layer is not 
removed and is utilized as the insulator for the MIM ca- 
pacitor. A second copper or copper alloy metal layer 
(904) is later formed on the substrate. A portion of the 
second metal layer is utilized as the upper plate of the 
MIM capacitor. 




FIG.IO 



CM 
CM 



1 



EP1 221 715 A2 



2 



Description 

Background of the Invention 

Field of the Invention ^ 

[0001] The present Invention relates generally to 
semiconductor structures and manufacturing. More par- 
ticularly, the present Invention relates to the formation 
of metal-insulator-metal capacitors. ^ ^ 

Related Art 

[0002] Advances in semiconductor manufacturing 
technology have led to the integration of millions of cir- ^5 
cult elements, such as transistors, on a single integrated 
circuit (IC). In order to integrate increasing numbers of 
circuit elements onto an IC it has been necessary to re- 
duce the dimensions of the various component parts. 
Not only have interconnect line widths become smaller, 
but so have the dimensions of metal-oxide-semiconduc- 
tor field effect transistors and other integrated devices, 
such as capacitors. 

[0003] Metal-electrode capacitors are widely used in 
mixed-signal/radio frequency (RF) ICs for better linear- 
ity and higher Q (quality factor) (due to lower electrode 
resistance). MIM (metal-insulator-metal) capacitors 
have been commercially available in the standard 
CMOS (complimentary metal oxide silicon) mixed-sig- 
nal process with aluminum interconnect, by adding 
steps to the process flow. However, similar MIM capac- 
itors are being developed for the most advanced copper 
interconnects, which is replacing the aluminum inter- 
connects in the 0.15[im (micrometer = 10^) generation 
and beyond. Due to the uniqueness in the copper da- 
mascene process, there is no simple/low-cost way of 
making MIM capacitors. 

[0004] What is desired is a method of making copper 
MIM capacitors using fully compatible CMOS logic proc- 
ess techniques. 

Summary of the Invention 

[0005] The capacitors made according to the present 
invention are specially designed for the copper dual-da- 
mascene process. These capacitors are fully CMOS 
logic process compatible. There are no extra process 
steps required and hence no extra cost. 
[0006] The invention comprises forming a first copper 
or copper alloy metal layer in a first dielectric layer over 
a substrate. An etch stop layer and a second dielectric 
layer are fomried on the first dielectric layer and first met- 
al layer. 

[0007] A patterned masking layer (known as the via 
photo resist layer) is formed over the second dielectric 
layer. The exposed portion of the second dielectric layer 
is removed, so that a first opening (say, for the capacitor) 
and a second opening (say, for the via) are formed in 



the second dielectric layer, thereby exposing portions of 
the stop layer above a first region and a second region 
of the first metal layer, respectively. 
[0008] Another patterned masking layer (known as 
the metal photo resist layer) is formed such that a further 
portion of the second dielectric layer and a portion of the 
stop layer are exposed. The exposed portions of the 
second dielectric layer and the stop layer are removed, 
thereby exposing a portion of the second region of the 
first metal layer. The first and the second openings are 
filled with a copper or copper alloy thereby forming a 
second metal layer, wherein a MIM capacitor is formed 
by the first region of the first metal layer, the stop layer 
and the filled first opening, and the filled second opening 
forms a via between the first and second metal layers. 
[0009] In the advanced CMOS process, there are typ- 
ically several metal layers. By repeafing the above proc- 
ess for multiple layers, a stacked MIM capacitance can 
form to achieve high density (that is. with high capaci- 
tance per unit area.) 

[0010] These and other objects, advantages and fea- 
tures will become readily apparent in view of the follow- 
ing detailed description of the invention. 

Brief Description of the Figures 

[001 1] The features and advantages of the present in- 
vention will become more apparent from the detailed de- 
scription set forth below when taken in conjunction with 
the drawings in which like reference numbers indicate 
identical or functionally similar elements. Additionally, 
the left-most digit of a reference number identifies the 
drawing in which the reference number first appears. 
[0012] FIGs. 1-15 illustrate a process for making a 
metal-insulator-metal capacitor, according to the 
present invention. 

[0013] FIGs. 16A-J, 17A-J. 18A-J and 19A-J illustrate 
four examples of metal capacitors, according to the 
present invention. 

Detailed Description of the Preferred Embodiments 
Overview 

[0014] The terms, chip, integrated circuit, monolithic 
device, semiconductor device, and microelectronic de- 
vice, are often used interchangeably in this field. The 
present invention is applicable to all the above as they 
are generally understood in the field. 
[0015] The terms metal line, interconnect line, trace, 
wire, conductor, signal path and signaling medium are 
all related. The related terms listed above, are generally 
interchangeable, and appear in order from specific to 
general. In this field, metal lines are sometimes refenred 
to as traces, wires, lines, interconnect or simply metal. 
Metal lines, generally aluminum (Al), copper (Cu) or an 
alloy of Al and Cu. are conductors that provide signal 
paths for coupling or interconnecfing, electrical circuitry. 
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Conductors other than metal are available in microelec- 
tronic devices. Materials such as doped poiysilicon, 
doped single-crystal silicon (often referred to simply as 
diffusion, regardless of whether such doping is achieved 
by thermal diffusion or ion implantation), titanium (Ti), 5 
molybdenum (Mo), and refractory metal suicides are ex- 
amples of other conductors. 

[0016] The terms contact and via, both refer to struc- 
tures for electrical connection of conductors from differ- 
ent interconnect levels. These terms are sometimes io 
used in the art to describe both an opening In an insu- 
lator in which the structure will be completed, and the 
completed structure Itself. For purposes of this disclo- 
sure contact and via refer to the completed structure. 
[0017] The term vertical, as used herein, means sub- is 
stantially orthogonal to the surface of a substrate. 

Method 

[0018] In a dual-damascene process, there is usually 20 
a dielectric layer on top of the metal, which is used as 
an etch stopping layer for the via etch. This layer is al- 
ways removed in the subsequent metal trench etch. 
However, the inventor has discovered that by violating 
the design by drawing a via layer without a metal layer 25 
on top of it, this etch stopping layer can be used as the 
field dielectic between the bottom metal and the via layer 
to form a MIM capacitor 

[0019] In a "via-first" dual-damascene process (such 
as case in the TSMC O.ia^m process; for more infer- 30 
mation contact TSMC North America, 2585 Junction Av- 
enue, San Jose, CA 95134 USA), a via/metal definition 
to form a MIM copper capacitor according to the present 
invention can be achieved by the following process 
steps. ^5 
[0020] FIG. 1 illustrates a device 100, having a sub- 
strate 102, typically comprised of silicon. Substrate 102 
can have formed therein a plethora of microelectronic 
or micromechanlcal structures, as would become ap- 
parent to a person skilled in the semiconductor art. A 40 
first dielectric layer 104 Is formed on substrate 102 in a 
convention manner, such as oxidation, deposition, or 
the like processes. In a preferred embodiment, first di- 
electric layer 104 comprises silicon dioxide (Si02). but 
other dielectric material are substitutable, as would also 45 
become apparent to a person skilled in the semiconduc- 
tor art. A mask layer 106 (e.g.. photoresist or simply "re- 
sist") Is formed on first dielectric layer 104, and Is pat- 
terned according to know photolithographic techniques 
to form exposed areas 108 and 110. Mask layer 106 is so 
also refen^ed to as a patterned masking layer or a first 
patterned masking layer. 

[0021] Trenches 202 and 204 In the first dielectric lay- 
er 104 are then chemically etched at areas 108 and 110, 
resulting is the structure illustrated in FIG. 2. Then mask 55 
layer 106 Is removed by known techniques, as illustrat- 
ed in FIG. 3. Copper or a copper alloy 402 is flowed over 
the substrate to fill trenches 202 and 204, as illustrated 



in FIG. 4. Deposition or other known techniques can be 
used. Excess metal is removed by chemical metal pol- 
ishing (CMP), or other know techniques, as illustrated 
in FIG. 5. Thus, FIG. 5 shows a first rnetal layer formed 
in the first dielectric layer 104, including a first region 
502 and a second region 504. In another embodiment 
a banier metal, such as titanium nitride (TiN). can be 
formed beneath the copper/copper alloy is desired, as 
would be apparent to a person skilled in the relevant art. 
[0022] The formation of etch stopping layer 602, Is fol- 
lowed by the formation of a second dielectric layer 702, 
as illustrated at FIGs. 6 and 7, respectively. In a pre- 
ferred embodiment, second dielectric layer 702 (also 
called an inter-metal dielectric) comprises Si02, but oth- 
er low-k dielectric material are substitutable, as would 
become apparent to a person skilled In the relevant art. 
Etch stop layer 602 preferably comprises silicon nitride 
(SiN), but other suitable etch stop layers are substituta- 
ble. Etch stop layer 602 is used to prevent copper of the 
previous metal (the first metal layer "Ml ") from exposure 
to the resist strip chemicals during subsequent process- 
ing to be described below. The following drawings 
shows cross-sectional views of the interconnect layers 
after a via etch and strip process. Deposition or other 
known techniques can be used to forni layers 602 and 
702. 

[0023] FIG. 8 illustrates a another mask layer 802 
formed on the second dielectric layer 702. Mask layer 
802 is also referred to as a resist, patterned masking 
layer or a second patterned masking layer. Mask layer 
802 is patterned according to know photolithographic 
techniques to exposed areas 804 and 806 of the second 
dielectric layer 702, which are located above the first 
metal regions 502 and 504, respectively. The second 
dielectric layer 702 is chemically etched, or the like, us- 
ing mask layer 802 to form holes 902 and 904, as Illus- 
trated in FIG. 9. Etch stop layer 602 prevents the resist 
strip chemicals from etching the first metal layer (I.e., 
regions 502 and 504). Mask 802 is then removed using 
know techniques, as illustrated in FIG. 10. According to 
the present invention, hole 902 will eventually be filled 
to forni an upper plate of the MIM capacitor. Hole 904 
will be filled to form a "via" for electrically coupling the 
first metal layer with a second metal layer. 
[0024] FIG. 11 illustrates the application of yet another 
mask layer 1102. Mask layer 1102 is also refen^ed to as 
a resist, patterned masking layer or a third patterned 
masking layer. Mask layer 1102 Is patterned at region 
1104 so as to leave a portion of the second dielectric 
layer 702 and hole 904 exposed, but hole 902 is filled. 
After chemically etching, or the like, using mask layer 
1102, an additional trench 1202 of the second dielectric 
layer 702 is removed, as illustrated in FIG 12. FIG. 12 
also Illustrates that a holel 204 of the etch stop layer 602 
is removed from the bottom of the via (hole 904) by the 
process. However, the portion of the etch stop layer 602 
associated with hole 902 remains to form the insulator 
portion of the MIM capacitor according to the present 
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invention. Mask layer 1102 is removed, as illustrated at 
FIG. 13, thereby re-exposing etch stop layer 602 at he 
bottom of hole 902. 

[0025] FIG. 14 illustrates the flowing of a second (cop- 
per or copper alloy) metal layer 1402 (also called "M2"). 
FIG. 15 illustrates CMP (or the like) of the second metal 
layer completes an upper plate 1502 of the MIM capac- 
itor. A filled via 1 504 is also formed as part of the second 
metal layer. In another embodiment a barrier metal, 
such as titanium nitnde (TIN), can be formed beneath 
the copper/copper alloy is desired, as would be appar- 
ent to a persona skilled in the semiconductor art. 

Structure 

[0026] Four examples of metal capacitors according 
to the present invention, using the SIN etch stopping lay- 
ers as the dielectric, are illustrated in FlGs. 16, 17, 18 
and 19. For simplicity, only five (5) via fingers per elec- 
trode are shown in each case. In reality, the structure 
can be much larger for higher capacitance value. Also 
in each case, the entire electrode number 2 is caged In 
electrode number 1 (which is usually grounded) for 
noise isolation. Although the capacitors are square, any 
convenient topology can be implemented without de- 
parting from the spirit and scope of the invention. 
[0027] In the first example of FIG. 16, the two elec- 
trodes are perpendicular to each other, which makes the 
absolute value of the capacitance least sensitive the 
photo mis-alignments. FIG. 16A illustrates five (5) mask 
layers and four (4) via layers, as shown in the Key. 
Those layers are further illustrated in FIGs. 16B-J, re- 
spectively. 

[0028] In the second example of FIG. 17, the capaci- 
tance value is about twice of that in the first case in FIG. 
16. The second example can be used when the circuit 
is not sensitive to the absolute value of the total capac- 
itance, but the matching of two capacitors in the same 
die is desired. FIG. 1 7A also illustrates five (5) mask lay- 
ers and four (4) via layers, as shown in the Key. Those 
layers are further illustrated in FIGs. 17B-J, respectively. 
[0029] In the third example of FIG. 18, the capaci- 
tance value can be even larger than the second example 
due to the extra intra-layer metal coupling. Like the sec- 
ond case, these type of capacitors are sensitive to photo 
misalignment and can be used when the capacitance 
matching is desired. FIG. 18A also illustrates five (5) 
mask layers and four (4) via layers, as shown in the Key. 
Those layers are further illustrated in FIGs. 18B-J. re- 
spectively. 

[0030] In the fourth example of FIG. 1 9. a 25 x 25 array 
has 25 fingers. Electrode 1 at 1902 is to connect the Ml 
electrode to the M5 electrode. The size/space for the 4 
vias at 1902 is 0.19M.m/0.22|im, for example. The size 
of this metal is 0.7x0.7[im. FIG. 19A also illustrates five 
(5) mask layers and four (4) via layers, as shown in the 
Key. Those layers are further illustrated in FIGs. 19B-J. 
respectively. 



Conclusion 

[0031] An advantage of the present invention is the 
ability to manufacture mixed-signal products by using 

5 standard CMOS logic process for lower wafer cost and 
shorter process time. Reduction in the capacitor area 
with good yield means reduction In the wafer cost. Ac- 
cordingly, the present invention provides very high den- 
sity capacitors for today's most advanced copper inter- 

10 connect processes. 

[0032] The present invention may be implemented 
with various changes and substitutions to the illustrated 
embodiments. For example, the present invention may 
be implemented on substrates comprised of materials 

15 other that silicon, such as, for example, gallium arsenide 
or sapphire. Additionally, illustrative embodiments de- 
scribe vias between two levels of interconnect, however 
those skilled in the art will recognize that many intercon- 
nect levels may be fonmed in accordance with the 

20 present invention. 



Claims 

25 1. A metal-insulator-metal capacitor process, com- 
prising: 

forming a first dielectric layer on a substrate; 
forming a first metal layer in the first dielectric 
30 layer; 

forming a stop layer on the first dielectric layer; 
forming a second dielectric layer on the stop 
layer; 

forming a first patterned mask layer on the sec- 

35 ond dielectric layer; 

performing an etching process, using the first 
pattemed mask layer as an etching mask, so 
that a first opening and a second opening are 
fomied in the second dielectric layer, thereby 

40 exposing portions of the stop layer above a first 

region and a second region of the first metal 
layer, respectively; 

forming a second patterned mask layer on the 
second dielectric layer and a part of the stop 

45 layer; 

performing a further etching process, using the 
second patterned mask layer as a further etch- 
ing mask, to etch the stop layer betow the sec- 
ond opening and to partially etch a third open- 

50 ing adjacent the second opening in the second 

dielectric layer without exposing the stop layer 
thereunder; and 

forming a second metal layer over the substrate 
so as to fill the first, second and third openings; 

55 

wherein a metal-insulator-metal (MIM) capac- 
itor is formed by the first region of the first metal lay- 
er, the stop layer and the filled first opening, and the 
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filled second opening forms a via between the first 
and second metal layers, and the first and second 
metal layers include copper. 

2. A metal-insulator-metal capacitor process, com- 5 
prising: 

forming a first dielectric layer on a substrate: 
forming a first patterned masking layer over the 
substrate such that a portion of the first dielec- "lo 

trie layer is exposed; 

removing only a depth-wise portion the ex- 
posed portion of the first dielectric layer such 
that the substrate is not exposed; 
filling the removed portions of the first dielectric ^5 
layer with a copper or copper alloy thereby 
forming a first metal layer; 
forming a stop layer on the first dielectric layer 
and the first metal layer; 

forming a second dielectric layer on the stop 20 
layer; 

forming a second patterned masking layer over 
the substrate such that a portion of the second 
dielectric layer is exposed; 
removing the exposed portion of the second di- 25 
electric layer, so that a first opening and a sec- 
ond opening are formed in the second dielectric 
layer, thereby exposing portions of the stop lay- 
er above a first region and a second region of 
the first metal layer, respectively; 30 
forming a third patterned masking layer over 
the substrate such that a further portion of the 
second dielectric layer and a portion of the stop 
layer are exposed; 

removing the exposed portions of the second 35 
dielectric layer and the stop layer, thereby ex- 
posing a portion of the second region of the first 
metal layer; 

filling the first and the second openings with a 
copper or copper alloy thereby forming a sec- 40 
ond metal layer; 

wherein a metal-insulator-metal (MIM) capac- 
itor is formed by the first region of the first metal lay- 
er, the stop layer and the filled first opening, and the 45 
filled second opening forms a via between the first 
and second metal layers. 

3. The process according to claim 1 or claim 2, where- 
in the first dielectric layer includes a silicon oxide so 
layer. 

4. The process according to any of the preceding 
claims, wherein the second dielectric layer includes 
a silicon oxide layer. 



ers are thicker than the stop layer. 

6. A metal-insulator-metal (MIM) capacitor process, 
comprising: 

fomiing a first metal layer on a substrate, 
wherein a portion of the first metal layer is uti- 
lized as the lower plate of the MIM capacitor; 
forming an etch stop layer on the substrate and 
the first metal layer, wherein a portion of an etch 
stop layer is utilized as the insulator for the MIM 
capacitor; and 

fonming a second metal layer on the substrate 
and portion of an etch stop layer, wherein a por- 
tion of the second metal layer is utilized as the 
upper plate of the MIM capacitor; 

wherein the first and second metal layers in- 
clude copper or a copper alloy. 

7. The process according to any of the preceding 
claims, wherein the stop layer includes a silicon ni- 
tride layer. 

8. The process according to any of the preceding 
claims, wherein the second metal layer is polished 
by chemical-mechanical polishing. 

9. The process according to any of the preceding 
claims, wherein said forming the first metal layer in- 
cludes polishing by chemical-mechanical polishing. 



5. 



The process according to any of the preceding 
claims, wherein the first and second dielectric lay- 
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